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Abstract. —A 1984 survey was conducted in the south-Italian mainland and central 
Greece to locate sites where biocontrol specialists could collect insects of 6 promising 
biocontrol agents of yellow starthistle (YST), Centaurea solstitialis L., for use in host 
specificity tests. Four of these flower head insects were found: Urophora quadrifasciata 
and Terellia sp. (Diptera: Tephritidae) in Italy, and Eustenopus hirtus and Larinus curtus 
(Coleoptera: Curculionidae) in Greece. Urophora jaculata was the most abundant and 
ubiquitous species, but it is not a potential biocontrol agent because larvae will not develop 
in the heads of U.S. forms of YST. New and supplementary information on the distribution 
of several YST flower head insects and the extent to which they attack heads in Italy and 


Greece are also presented and discussed in relation to published information. 


Centaurea solstitialis L. (yellow starthis- 
tle [YST]) is a Eurasian winter annual or 
biennial plant that has spread to the United 
States where it is a weed on over 3 million 
hectares in some western states (Maddox et 
al. 1985, Maddox and Mayfield 1985). At- 
tempts to control YST biologically in the 
U.S. began in the 1960's when a flower head 
gall fly, Urophora jaculata Rondani (Dip- 
tera: Tephritidae), erroneously called U. si- 
runaseva (Hering) in some earlier refer- 
enees, was introduced from Italy (White and 
Clement 1987). Repeated efforts to estab- 
lish this fly on U.S. forms of YST were un- 
successful. However, weed biocontrol 
workers discovered that a flower head wee- 
vil from Greece (Bangasternus orientalis 
(Cap.); Coleoptera: Curculionidae) will at- 
tack and complete its development on U.S. 
plants (Maddox and Sobhian 1987). This 
weevil, first released in western U.S. in 1985, 
is now established in California (Maddox et 
al. 1986). 


We assumed that additional biological 
control agents would be needed to supple- 
ment the action of B. orientalis so in 1984 
we surveyed YST in Italy and Greece to 
locate populations of promising agents, 
namely the tephritid flies Chaerorellia hexa- 
chaeta (Loew), U. sirunaseva, U. quadrifas- 
ciata (Meigen), and an undescribed Terellia 
species (= T. cf virens (Loew) in Sobhian 
and Zwolfer [1985]). and the cureulionid 
beetles Eustenopus hirtus (Waltl) (= E. ef 
abbreviatus Faust in Sobhian and Zwölfer 
[1985]) and Larinus curtus Hoehhut. We 
targeted these six flower head species for 
study because our preliminary work and un- 
published reports at the USDA, ARS Bio- 
logical Control of Weeds Laboratory — Eu- 
rope (BCWLE), Rome, Italy, indicated they 
had restricted host ranges in southern Eu- 
rope. More than one species may be con- 
fused under the name quadrijasciata (1. M. 
White, pers. comm.) and some populations 
of C. hexachaeta may be separate species 
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Table 1. 
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Sites surveyed in Italy and Greece, collection dates, total number of flower heads of Centaurea 


solstitialis collected and pereeni damaged by insects at each site, 1984. 


Site 
Sites Surveyed No. 
Italy 
5 km E S. Giovanni Rotondo, ] 
Promontorio del Gargano. Puglia Region 
(41°45'N, 15°55'E) 
9 km S S. Giovanni Rotondo 2 
12 km ES. Giovanni Rotondo 3 
15 km NW S. Paolo di Civitate, Puglia 4 
(41°40'N, 15°20'E) 
Castel del Monte, Puglia 5 
(41°40'N, 1615'E) 
10 km N Rome, Lazio Region 6 
(42°10'N, 12°15'E) 
Greece 
5.5 km W Agiokambos l 
(39°45'N, 22°45'E) 
Xiniada (39°10’N, 22°20'E) 2 
ca. 6 km E Karpenissi 3 
(38°50'N, 22°50'E) 
Hounii (38°45'N, 21°30'E) 4 
ca. 2 km S Arta 5 
(3910'N, 20°55'E) 
10 km N Igoumenitsa 6 


(3930 N 2021 5t8) 
1! Same planis were sampled each time. 


(q. M. White. in press), but further taxo- 
nomic study is needed 1o clarify these pos- 
sible species groups. 

The objective was to locate sources of in- 
sects of the aforementioned species for use 
in host specificity tests and to provide new 
and supplementary information on the ex- 
tent to which these and other species attack 
YST heads in southern Europe. Our ap- 
proach was to record the oecurrence of each 
flower head species on single host popula- 
tions at several sites in the south-Italian 
mainland and central Greece. Information 
of this type is virtually nonexistent in the 
literature (Zw6lfer 1965, ZwGlfer et al. 1971, 
Sobhian and Zwolfer 1985) on YST flower 
head insects in Europe. 


METHODS 


Samples were collected at twelve sites 
during the 1984 flowering season (Table 1). 


No. No. % of 

Plants Heads Heads 
Collection Dates Sampled Collected Damaged 
July 17 and Aug. 21 10! 454 37.89 
July 17 and Aug. 21 20! 320 13.75 
July 17 and Aug. 21 10! 273 24.54 
July 17 52 HSS 14.02 
July 17 and Aug. 21 16! 649 14.19 
July 25, Aug. 14 10! 1627 18.19 

and Sept. 7 

Aug. 3 5 161 18.01 
Aug. 3 5 179 50.28 
Aug. 4 5 105 41.90 
Aug. 4 2 44 65.9] 
Aug. 5 10 86 10.41 
Aug. 5 6 258 19.77 


Seven of the sites were sampled once during 
July and August, but the literature (Sobhian 
and Zwélfer 1985) and our unpublished data 
indicate that the six species we were most 
concerned with can be found on YST during 
these two months. Therefore, we are rea- 
sonably certain that our one-time collec- 
tions were sufficient to establish the pres- 
ence or absence of these insects at each site. 
lt was convenient to sample five Italian sites 
more than once because other studies were 
being conducted at or near these sites. Sur- 
vey sites were roadside areas, embank- 
ments, and open fields (<3.5 ha) along roads. 
Each collection consisted ofall heads in the 
flowering and seed formation stages (see 
Maddox 1981 for description of stages) from 
five or more randomly selected plants per 
site, except at one site where only two plants 
were available for sampling. At five Italian 
sites, the same plants were sampled two or 
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Table 2. 
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Occurrence of flower head insects of Centaurea solstitialis at several sites in Italy and Greece, 1984. 


Relative Occurrence 


Italian Sites Greek Sites 


Species L 


Diptera 
Tephritidae? 
Urophora jaculata Rondani 
U. quadrifasciata (Mg.) 
Terellia sp. 
Aeanthtophyllus helianthi (Rossi) 
Chaetorellia sp. nr. C. carthanu Stack. 


Coleoptera 
Curculionidae’ 
Bangasternus orientalis (Capiomont) 
Eustenopus hirtus (Wall) 
Larinus curtus Hochhut 
Bruchidae 
Bruchidius tuberculatus (Hochhut)* 
Anobiidae 
Lasioderma sp. nr. haemorrhoidale 
(Higer)? 
Lepidoptera 
Cosmopterigidae 
Pyroderces argyvrogrammos (Zeller)* 


3 4 3 4 


** ** ** ** ** ** ** 


** 


** 


*+ 


* 


'*** Abundant (>30 specimens emerged). ** Low abundance (5-29 specimens emerged). * Very low abun- 
dance (J-4 specimens emerged). P = species present (see text for explanation). 

? Identity of A. helianthi was checked by comparison with specimens identified by Dr. R. H. Foote. former 
Research Entomologist, Systematic Entomology Laboratory, IIBIT], USDA, Beltsville, Maryland. Other te- 
phritids were identified by Dr. 1. M. White, C.A.B. International Institute of Entomology, London, England. 

‘Identified by E. Colonnelli, Dipartimento di Biologia Animale e dell Uomo, Vaile dell Universita, Rome, 


Italy. 


+ Identified by Dr. M. L. Cox, C.A.B. International Institute of Entomology, London, England. 
‘Identified by Dr. R. Madge, C.A.B. International Institute of Entomology, London, England. 
* Identified by Dr. R. W. Hodges, Research Entomologist, Systematic Entomology Laboratory, LBHI, USDA. 


three times (Table 1). Samples from each 
site were pooled to calculate the percentage 
of heads with inseet-damaged seeds. 

The relative oceurrenee of each species 
and the percentage of heads with damaged 
seeds and reeeptacle tissues was assessed for 
each site by rearing the insects and disseet- 
ing all of the heads in a laboratory at the 
BCWLE. A species was artibrarily rated as 
abundant, low in abundance, or very low in 
abundance according to the number of 
emerging adults (see Table 2). Reared in- 
seets were identified to species. Because less 
than 10% of the eggs of B. orientalis survive 
to the adult stage (Sobhian and Zwölfer 


1985, Clement and Sobhian, unpub. data), 
we assumed that very few, if any, adults 
would be reared-out. Thus, we recorded the 
presence or absence of this weevil at each 
site by looking for its eggs, which are usually 
laid singly on leaflets near a flower bud (Bu 
1-2 stages of Maddox 1981) and are covered 
by a characteristic black cap. 


RESULTS AND DISCUSSION 


The percentage of heads with inseet-dam- 
aged seeds varied from 13.75-37.89% (av- 
erage of 20.43% of heads attacked) in Italy 
and 10.41-65.91% (average 34.38%) in 
Greece; less than 20% of the heads were 
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damaged at 4 Italian and 3 Greek sites (Ta- 
ble 1). Species packing (no. of species) per 
site ranged from 2-6 (average 3.67) in Italy 
and 2-5 (average 3.0) in Greece (Table 2). 
In contrast, Sobhian and Zwé6lfer (1985) re- 
ported average levels of resource utilization 
(% of heads attacked) and species packing 
of 36.9% and “above” 4 species for Italy, 
and 77.3% and 9.5 species for Greece, but 
these higher levels were based on samples 
from the south-Italian mainland and Sicily, 
and northern Greece. The average levels re- 
ported above for central Greece are com- 
parable to the ones Sobhian and Zwélfer 
(1985) reported for Yugoslavia, Bulgaria and 
Romania (35.6% and 3.4 species). Thus, the 
collective evidence suggests that predispers- 
al seed predation by YST flower head in- 
sects is not markedly high in many areas of 
southern Europe, including Greece where 
Sobhian and Zwölfer (1985) and Zwéolfer 
(1985) reported that average levels of re- 
souree utilization and species packing were 
significantly higher than they were in the 
western Mediterranean (Italy and France). 
High rates of parasitization of several species 
(Sobhian and Zwéller 1985) might account 
for the fairly low levels of resource utiliza- 
tion in many areas. 

In all, we found 11 species of seed pred- 
ators to be associated with YST heads (Ta- 
ble 2). Three of these, Acanthiophyllus he- 
lianthi (Rossi) (Diptera: Tephritidae), 
Lasioderma sp. nr. haemorrhoidale (Niger) 
(Coleoptera: Anobiidae) and Pyroderces arf- 
gyrogramunos (Zeller) (Lepidoptera: Cos- 
mopterigidae) use plants in several genera 
as hosts, and 8, B. orientalis, E. hirtus, L. 
curtus (Coleoptera: Curculionidae), Terellia 
sp., U. quadrifasciata, U. jaculata Rondani, 
Chaetorellia sp. nr. carthami Stack. (Dip- 
tera: Tephritidae), and Bruchidius tubercu- 
latus (Hochhut) (Coleoptera: Bruchidae) ap- 
pear to be restricted to the genus Centaurea 
in the field (Sobhian and Zwölfer 1985, 
Clement, unpub. data). Urophora jaculata 
was the most ubiquitous and abundant 
species, but this tephritid is not a candidate 


biocontrol agent because it will not develop 
in the heads of U.S. forms of YST (White 
and Clement 1987). Chaetorellia sp. nr. car- 
thami was widespread in Italy; however, this 
species will form hybrids with C. carthami 
Stack., a pest of cultivated safflower, so its 
safety as a biocontrol agent has been ques- 
tioned by biocontrol workers (Sobhian and 
Zwölfer 1985). A third stenophagous species 
(i.e. restricted to Centaurea spp.), B. tuber- 
culatus, has been disqualified because adults 
were found in the heads of cultivated saf- 
flower, Carthamus tinctorius L.. in northern 
Greece (Sobhian and Zwölfer 1985). Four 
of the 6 species that we set out to find were 
detected; U. quadrifasciata and Terellia sp. 
were represented in the guild of flower head 
insects in Italy while £. Airtus and L. curtus 
were detected in Greece. None of these 4 
species were abundant at any site (Table 2). 

The failure of this survey to deteet U. 
sirunaseva and C. hexachaeta was unex- 
pected because Sobhian and Zwélfer (1985) 
reported that both species occur throughout 
much of southern Europe. However, recent 
taxonomic studies (White and Clement 
1987, White in press) have revealed a more 
restricted distribution for these tephritids. 
This new information on U. sirunaseva and 
C. hexachaeta, together with information 
from this survey and the literature on E. 
hirtus (Ter-Minasyan 1967, Fremuth 1982, 
Sobhian and Zwölfer 1985) and L. curtus 
(Zw6lfer et al. 1971, Fremuth 1982, Sob- 
hian and Zwölfer 1985) suggest that none 
of these 4 species are rare but the 2 weevil 
species are better able to exploit YST over 
a much wider geographical area than are the 
2 tephritid species. The seemingly broad eco- 
climatic tolerances of E. hirtus and L. curtus 
would improve their chances for establish- 
ment in the western U.S. where YST oceurs 
in markedly different climatic and vegeta- 
tional zones (Maddox 1981, Maddox et al. 
1985, Maddox and Mayfield 1985, Roché 
et al. 1986). 

In summary, this survey has enabled us 
to: pinpoint sites where biocontrol special- 
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ists might be able to collect insects of 4 po- 
tential agents for use in host-specificity tests; 
clarify the Palearctic distribution of several 
YST flower head insects, including 6 species 
that are promising biocontrol agents; and 
contribute towards a better understanding 
of the extent to which YST flower heads are 
attacked by insects in southern Europe. 
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